Abstract Flood events are a recurrent threat to economic developments and can jeopardize human existence. In order to reduce the flood risks in Europe on a sustainable basis, the European Union adopted the Flood Risk Management Directive in 2007. The implementation of the directive in the national laws of all member states has laid the foundation for intergovernmental integrated flood risk management on an European scale. The following article is intended to compare and briefly assess the implementation process on inland waters at the technical level in selected European countries in the middle of the process. It covers the different basic structural, methodological, and data conditions for preparing the preliminary flood risk assessment, the flood hazard maps, the flood risk maps, and the flood risk management plans as a result of two EU projects. The technical differences in the various European countries need to be reduced in the next cycles of implementation of the Flood Risk Management Directive.
Introduction
The European Flood Risk Management Directive (European Union 2007), which was adopted in 2007, strives for a coordinated uniform European approach to handle the negative impacts of flood events. European Union (EU) member states have created the legal basis by translating the directive into national law. The process of implementation of the Flood Risk Management Directive (FRMD) during the next few years will include flood risk assessments, flood hazard maps, and flood risk maps, as well as flood risk management plans to be implemented for the reduction of the flood risk. The actual work on these issues at the technical level shows areaspecific or methodology-related differences, which requires coordination between the states.
The current technical discussions on the implementation of the Flood Risk Management Directive should be used to make a gradual change from a safety culture to a risk culture in Europe. Internationally, the existing security approach is increasingly being replaced by a risk culture. The first step considers holistically, what could happen (risk analysis). Then the risk is assessed. This takes into account what should not happen and at what price security can be realized (risk assessment). As a result of the risk assessment, the best risk control measures are derived (risk management). Table 1 shows the difference between safety and risk approaches.
A part of the technical implementation of the FRMD has been tested in several EU projects, for example, project LABEL (LABEL: Labe and Elbe-combination of the river name in Czech and German) (LABEL Website 2011) and the FloodWise project (FloodWise 2011) . One of the main aims of project LABEL was the preparation of an agreement on joint applications to flood risk management and the implementation of the EU flood risk management guidelines in the Elbe River basin. The main objective of FloodWise was to improve cross-border flood risk management in European river basins that cross national borders.
The European Flood Risk Management Directive
In the wake of the large floods during the 1990s and the extreme flood event in Middle Europe in 2002, the EU became aware of floods as a serious threat to the economic develop ment and general existence in European communities. The major technical issues in the implementation to the Flood Risk Management Directive were: floods have the potential to cause fatalities, displacement of people, damage to the environment, and severely compromise economic development and under mine economic activities; floods are natural phenomena which cannot be prevented; some human activities (such as settlements) and the climate change contribute to an increase in the likelihood and adverse impacts of flood events; measures to reduce the flood risks within a river basin should be coordinated on a transnational basis; and measures related to water or land use should be verified for their impacts on the flood risk. Flood risk management objectives must take into account local and regional conditions and emphasize the great importance of the soli darity (upstream/ downstream) principle in flood risk management. The principle of solidarity means that the upstream riparian may not take any flood protection measures that increase the risk of flooding for downstream residents. It is even better if the upstream riparian implements its measures in a way that results in an improvement to the downstream population.
The Flood Risk Management Directive, whose main objective is to reduce flood risk, is a logical addition to the environmental objectives laid down in the EU Water Framework Directive (European Union 2000). Both directives cannot be implemented without integrated management of the river basins. Three basic steps are required to ensure the implementation of the Flood Risk Management Directive.
Preliminary Flood Risk Assess ment
By 22 December 2011, all member states had to complete a preliminary flood risk assessment based on information already available or easily obtainable: records and studies on long-term trends (for example, demography); information on the impact of climate changes on flood events; maps of the river basin districts showing river basins, topography, and land use; description of the floods that have occurred in the past and had significant adverse impacts on the protected assets taking into account the topography; hydrological and other tech nical data dealing with floodplains; existing flood control infrastructures; and vulnerability of the assets to be protected. This preliminary assessment will be reviewed and updated in 2018 and the process will be repeated every 6 years.
Flood Hazard and Flood Risk Maps
In a second phase ending 22 December 2013, flood hazard maps and flood risk maps must be drawn up for the areas and zones exposed to significant flood risk as identified according to the given criteria. The maps must be prepared for low-probability floods (extreme events), medium-probability floods (≥ 100 years) and, where appropriate, for highprobability floods. The flood hazard maps should show the flood extent, water depth or water level as appropriate, and, where appropriate, the flow velocity or relevant water flows. The flood risk maps should contain infor mation on the number of inhabitants potentially affected, the type of economic activity of the area potentially affected, the integrated pollution and prevention control (IPPC) instal lations as referred to in Directive 96/61/EC (European Union 1996), the potentially affected protected areas identified according to the EU Water Framework Directive (WFD), and other information such as sediments and con taminants. The maps will be updated in 2019 and then every 6 years.
Flood Risk Management Plans
The third and final step to be completed by 22 December 2015 requires the development of flood risk management plans coordinated at the level of the river basin district or unit of management. The plans must contain the following information (European Union 2007):
 Delineation of the areas exposed to significant flood risk. Flood hazard maps and flood risk maps.  Definition and description of appropriate flood risk management objectives focusing on (1) reduc tion of potential adverse consequences for protected assets (human health, the envi ronment, cultural heritage, and economic activity); (2) nonstructural flood prevention measures; and (3) reduction of the likelihood of flooding. Measures for achieving the objectives.  Taking into account costs and benefits, flood conveyance and retention areas, natural flood plains, the environmental objectives of the WFD, soil and water management, spatial plan ning, land use, nature conservation, navigation, and port infrastructure.  Taking into account all aspects of flood risk management that focus on (1) prevention, protection, For the periodical reviews of the flood risk management plans every six years, the following information shall be added:
 Any changes or updates since the publication of the previous version of the flood risk manage ment plan.  Summary of the reviews carried out in compliance with Article 14 of the Flood Risk Management Directive.  Assessment of the progress made towards the achievement of the objectives.  Description and explanation of any measures foreseen in the earlier version of the flood risk management plan that were planned to be undertaken and have not been carried out.  Description of any additional measures since the publication of the previous version of the flood risk management plan.
The required periodical reviews, reassessments, and updates under the Flood Risk Management Directive lead to continued examination of flood risk management practices and may thus contribute to maintenance of adequate flood risk awareness (Müller 2010a ).
Initial Structural Situation
The Flood Risk Management Directive is to be understood as complementary to the Water Framework Directive (Müller 2011) . That is why it makes sense to include the river basin districts in the comparison between the water management structures. In accordance with Article 3 of the Flood Risk Management Directive, many EU member states use the Water Framework Directive watercourse system also for the considerations under the Flood Risk Management Directive. Many river basins of Europe are transnational and thus require agreement and coordination between countries.
The following comparison between Austria, the Czech Republic, Germany, and the Netherlands shows that the legislation and the relevant authority structures are very different in each country and that this situation makes the agreement and coordination process more demanding.
In most cases the legislations related to water and construction and spatial planning are of a centralized nature and so there are uniform specifications for the implementa tion process in countries like the Czech Republic and the Netherlands. In federal countries such as Austria and Germany, however, more legislative authority is conferred on the states.
Although water law is regulated by the central government in Austria, the construction and spatial planning laws are under the authority of the individual federal states. In Germany, the central government sets out the legal framework for all these issues, but the detailed statutory provisions are under the authority of the federal states. Most of the regional planning authority lies with the regions. The development of strategies and methods for the implementation of the Flood Risk Management Directive is centralized in some countries (the Czech Republic) and decentralized in others (Germany). For the sake of coordinated implementation despite decentralized structures, countries like Germany have set up joint working groups between the central government and the federal states to coordinate recommendations for the implementation of the directive (LAWA (2010a (LAWA ( , 2010b ). For technical coordination issues within the river basin districts, there are river basin communities within Germany and international river commissions (for example, the International Commission for the Protection of the Rhine-ICPR, and the International Commission for the Protection of the Elbe River-ICPER) on the transnational level. These communities or commissions work together on specific coordination issues related to the given river basin district. The approach can vary between different international river district commissions. Some commissions, such as the ICPER in the Elbe River basin, intend to establish an internationally coordinated flood risk management plan whereas other commissions envisage developing mutually coordinated national flood risk management plans for the river basin (for instance, the International Commission for the Protection of the Danube River-ICPDR).
The structures of the authorities responsible for implementation also are very different. In the Czech Republic, river basin management is performed by five river basin administrations (Povodi), which do not coincide with the political administrative borders. In Germany, river basin management is the responsibility of the German states, except for federal waterways. Each German state has its own water management structure. Saxony, for instance, has set up a public enterprise that is responsible for state-owned watercourses and dams. Other waters are the responsibility of the municipalities.
The varying legislative authorities and water management responsibilities make the Flood Risk Management Directive implementation process a big challenge for stake holders at all levels.
Technical Implementation of the European Flood Risk Management Directive
The implementation of the Flood Risk Management Directive is also a challenge on the technical level. The different initial situations on the technical level in each of the EU member states must be adjusted during the next few years and eventually harmonized in compatible flood risk management plans. The following is a comparison between the technical approaches of different EU member states. The compari son is based on the implementation steps laid down in the Flood Risk Management Directive. To cover the dif ferences within countries with a decentralized structure, the comparison includes a selection of independently acting authorities on a subnational level.
Preliminary Flood Risk Assessment
The first step of implementation is the preliminary assessment of the flood risk. For this purpose, the EU member states must make a decision on the drainage system to be considered and on the information and criteria required for significance determination. Due to their topographic situation, the Netherlands have decided to identify the whole country as potentially affected. By summer 2010, some of the EU member states had not made up their minds how the preliminary assessment would be made. Other EU member states, for example the Czech Republic, follow a centrally specified methodology.
Within the scope of the preliminary flood risk assessment, it is important to know exactly what drainage system is to be considered. Most states use the same watercourse system they use for reporting under the Water Framework Directive. There are differences in terms of river basins, some of the states refer to the entire Water Framework Directive basin, whereas other states consider river basins with a surface area of more than 10 km² only. In many states, the assessment includes additional watercourses exposed to flood risks known from the past or from flood protection concepts.
The next preliminary assessment phase is to identify the exposure and vulnerability and finally to define the areas showing a significant risk. These areas need to be delineated in an appropriate way and undergo all further observations required under the Flood Risk Management Directive. Table 2 lists the major significance criteria of selected countries or federal states. The states use very different data bases and thus have to apply different significance criteria. Once the first cycle of implementation of the Flood Risk Management Directive with the first flood risk management plans is complete, the available data basis will be much better. Therefore, it can be assumed that after the second assessment cycle in 2018 and in all subsequent reviews every six years, the preliminary flood risk assessments will be much better harmonized and comparable. Significantly affected watercourses are normally delineated in maps. Many states use a scale of 1꞉100,000 for the mapping of significant areas for the Water Framework Directive river basins or subbasins. In addition to the topography, most of those maps show the watercourse system, administrative borders, settlement areas and some land uses. Figure 1 is one example for the preliminary flood risk assessment map of a part of the Czech Republic. The map shows that preliminary risk areas (red-colored rivers) are located mainly in the north (lower part) of the catchment area.
Flood Hazard and Flood Risk Maps
The second implementation step is to establish the flood hazard maps and flood risk maps for the areas identified with a significant flood risk. Many member states were still working on the mapping methodology when the investigation was carried out in 2011, so the present document is only a first brief outline. Several EU projects, for example, the LABE-ELBE Adaptation to Flood Risk project for transnational cooperation on the provision for risks in the Elbe River basin, known as the LABEL project (LABEL Website 2011) and the FloodWise project for improving cross-border flood risk management in European river basins that cross national borders (FloodWise Website 2011) have tested first developed mapping methods in pilot areas. They have been evaluated by the EU as well and are very representative for flood risk management aspects.
The flood probabilities and map scales used in each of the states may vary according to local conditions or circumstances. Some of the countries include additional data in the maps such as river bed loads or drifting ice. Table 3 gives a summary of flood hazard mapping in selected member states. The Events (HQ T ) column shows the recurrence intervals for the events and the next column the occurrence of flooded areas and water depths for HQ T in the maps. The contents displayed in the hazard maps are quite similar in each of the member states. The major differences concern the probabilities (recurrence intervals) assumed for the events shown in the maps, which is due to different local conditions or safety philosophies. Figures 2 and 3 show the flood hazard maps of Thuringia (Germany) and the Netherlands as an example of the map details shown in Table 3 . The layout of the hazard maps is very similar in spite of different scales. The gradation of water depth classes displayed is the same. The map of Thuringia also indicates the extent of the extreme event as a red line. These maps are very comparable. The differences between states in flood risk mapping are greater than in hazard mapping because of greater differences in vulnerability considerations. Figure 4 and 5 show the differences in the flood risk maps of Saxony (D) and the Czech Republic. Table 4 gives a summary for selected states. Layout and content of the shown risk maps are different. The map of Saxony shows in addition to land use types more other information such as inhabitants per municipality and other objects. The comparison of the risk maps is much more difficult.
Flood Risk Management Plans
The third implementation step is to set up flood risk management plans. In 2011, the basic ideas and preparatory work of each of the member states showed great differences. Generally, the states were still working on the preliminary flood risk assess ment as well as on the hazard and risk mapping methods. So in most cases there were no exact outlines for how to structure and establish flood risk management plans. However, the flood risk management plans of most of the surveyed member states will cover the following aspects:
 Introduction (general description of flood risk management; general description of the spatial extent; list of responsible authorities).  Preliminary flood risk assessment (brief description of the preliminary flood risk assessment procedure and results; map showing the water routes exposed to potentially significant flood risk).  Description of the flood hazard and flood risk (brief description of the contents of the flood hazard maps and flood risk maps; flood hazard maps; flood risk maps; conclusions from the maps).  Description of the defined objectives (preventive land use; natural water retention; technical flood protection; precautionary building; preventive action against risks; precau tionary information; precautionary behavior; emergency preparedness for defence and civil protection).  Actual/target analysis (evaluation of the current situation with regard to the objective to be achieved).  Identification of potential measures (identification of measures to be taken and comparative assessment of alternative actions).  Summary list of measures by priority (envisaged implementation actions; methodology for supervising their implementation).  Strategic Environmental Assessment (SEA) and public information (description of the proce dure to be used when carrying out a SEA; actions for information, public inquiry and con sultations; description of coordination with the Water Framework Directive).
In Germany, the LAWA working group came up with a methodology and structuring proposal for the development of the flood risk management plans (LAWA 2010b) in 2010. This proposal has been elaborated in more detail within the scope of the EU projects LABEL and FloodWise and was tested in the pilot areas of the Weisse Elster River (Thuringia, Saxony, and Saxony-Anhalt) and Elbe River (border Brandenburg and Saxony near the small city Mühlberg). The complete structure for the flood risk management plans is published in Walther (2011) . During practical implementation in the mentioned pilot areas, it became quickly obvious that the available data basis is crucial to the quality of flood risk management plans.
Evaluation
The process of implementing the Flood Risk Management Directive started out successfully in the EU member states.
The structural, technical, and data requirements are different in each of the EU member states that to achieve the objectives laid down in the Flood Risk Management Directive it is necessary to work together on an international basis in each of the cross-border river basin districts. The international river basin commissions, such as ICPR (Rhine) or ICPER (Elbe), play an important part in this cooperation. Regardless of whether the commissions agreed on a joint flood risk management plan or on mutually coordinated national parts of a flood risk management plan, cooperation within river basins helps to increase mutual confidence and improve the exchange of data. This leads to better coordination within the river basins and will cause an alignment of technical procedures in the medium run.
Interviews with the FloodWise project (FloodWise Website 2011) have shown that transnational coopera tion on the working level is considered to be very important, because there are many operative aspects of flood risk management with increasing importance in individual situations. Cooperation in terms of flood forecasting and information is an example. The observation of the upstream-downstream principle is especially important.
The implementation of the Flood Risk Management Directive with its components of preliminary flood risk For instance, if the flood risk maps are drawn up according to the same methodology and with the same contents, and if the contents of the legends are identical, it will be possible to understand the information shown in the maps and respond by appropriate action much quicker. The international projects have also shown the water managements to be currently the decisive actors in the implementation of the Flood Risk Management Directive. The EU member states must increase their efforts to build flood awareness on all social levels and in all areas of the society. An integrated (interde partmental) flood risk management approach requires flood issues to be considered by many other technical and structural departments and to be included in the implementation of their measures and actions. Town and country planners or bridge con structors, for instance, could contribute to the reduction of flood risks by floodadapted designs. Last but not least, the individual responsibility and preparedness of the people living and working in flood risk zones should not be left unmentioned. The only way to bring down the risk is to build a keen flood risk awareness associated with individual precautions based on the data and information provided by water administrations or other structural bodies.
Conclusion
The EU member states are working intensively on the implementation of the Flood Risk Management Directive (European Union 2007). This study, carried out in 2010 within the scope of the LABEL and FloodWise pro jects, shows the basic structural and data conditions to be very different across member states. International cooperation in flood risk management is very important to properly reduce flood risk for human, economic, and natural assets in most cross-border river basins. The international river basin commissions are of decisive importance in this respect.
On the way towards the successful implementation of the Flood Risk Management Directive with its components of preliminary flood risk assessment, creation of flood hazard and risk maps, and development of flood risk management plans, it is necessary to find scientific solutions to many detailed issues of a legal, scientific, and social nature.
Data availability is a key item for successful implementation of the flood risk management plans. Once the first cycle of implementation of the Flood Risk Management Directive with the first flood risk management plans is complete, the available data bases in the EU member states will be much better. It can be assumed that after the second assessment cycle (in 2018) and all subsequent reviews every six years there will be much better comparability and harmonization of flood risk management across the EU.
The Flood Risk Management Directive will lead to higher flood risk awareness in Europe with a gradual change from a safety culture to a risk culture. Modern risk culture means not only preven tive actions at reasonable expense, but includes the willingness to accept damage in case of extreme events and the willingness to ensure open communication of risks. The EU flood risk management plans are excellent tools for this purpose.
